1. Introduction
===============

Gastric cancer (GC) is the fifth most common malignancy in the world and the third most common cause of cancer-related mortality.^\[[@R1],[@R2]\]^ More than two-fifths of the world\'s gastric cancer cases are from China. In 2015, the incidence and mortality of gastric cancer ranked second among those of all malignant tumors in China.^\[[@R3]\]^ GC is often asymptomatic at early stages. When diagnosed, almost half of the patients have already progressed to the advanced stage, and the 5-year survival rate is less than 30%.^\[[@R2]\]^ Clinical stage is frequently used as a prognostic factor for gastric cancer. However, even the patients are diagnosed at the same stage, the clinical outcomes are not the same. Therefore, exploring additional parameters to predict prognosis is necessary.

Accumulating evidence indicates that inflammation is related to tumor development and progression.^\[[@R4]\]^ It is thought that infection and inflammatory responses are associated with 15% to 20% of deaths from tumors worldwide.^\[[@R5]\]^ Systemic inflammatory responses can impact tumor development through the inhibition of apoptosis, promotion of angiogenesis, and induction of DNA damage. Abnormalities in peripheral blood cells, such as neutrophilia, lymphopenia, and thrombocytosis, are identified as responses to systemic inflammation.^\[[@R6],[@R7]\]^ Therefore, immunity-related components of the blood, such as lymphocytes, neutrophils, monocytes, and platelets, may have prognostic value for cancers. Previous studies reported that the NLR (neutrophil-to-lymphocyte ratio), PLR (platelet-to-lymphocyte ratio) and LMR (lymphocyte-to-monocyte ratio) were associated with the prognosis of various cancers, such as lung cancer, bladder cancer, nasopharyngeal cancer, and prostate cancer.^\[[@R8]--[@R12]\]^ NWR (neutrophil-to-white blood cell ratio), MWR (monocyte-to-white blood cell ratio), and LWR (lymphocyte-to-white blood cell ratio) have also been found to have predictive value in lung cancer and gastrointestinal stromal tumors.^\[[@R11],[@R13]\]^ For gastric cancer, studies in this field are limited, and studies have focused on only a few hematological parameters.^\[[@R14],[@R15]\]^ Hence, the purpose of this study was to identify whether hematological parameters (lymphocytes, neutrophils, monocytes, white blood cells, platelets, NLR, PLR, NWR, MWR, and LWR) predict the prognosis of patients with gastric cancer.

2. Materials and methods
========================

2.1. Study population
---------------------

From January 2008 to December 2012, gastric cancer patients were invited to participate in the study at the Department of Gastric and Colorectal Surgery of the First Hospital of Jilin University. Only patients who had undergone radical tumorectomy with D2 lymphadenectomy and were pathologically diagnosed with gastric cancer were included in the study. The average number of dissected lymph nodes was 20.5 ± 13.4. Patients who

1.  had a history of other malignant tumors,

2.  had radiotherapy or neoadjuvant chemotherapy before surgery,

3.  presented with distant metastasis,

4.  presented with positive surgical margins, or

5.  had a history of autoimmune disease or hematopoietic system disease were excluded from analysis.

The seventh edition of the cancer staging manual of the Union for International Cancer Control/American Joint Committee on Cancer (UICC/AJCC) was used for TNM stage. The study protocol was reviewed and approved by the Ethics Committee of the First Hospital of Jilin University. Informed consent was obtained from all the participants.

2.2. Data collection
--------------------

Within 1 week before surgery, venous blood samples were taken into EDTA tubes and mixed thoroughly. Hematological parameters were determined immediately after the blood sample collection using automatic blood analyzer (XE2100, Sysmex, Japan) in the Clinical Laboratory of the First Hospital of Jilin University. Parameters included white blood cell count (WBC), lymphocyte count (LYM), neutrophil count (NEU), monocyte count (MONO) and platelet count (PLT). The day-to-day coefficient of variations (CVs) during the study period were 3.04% for WBC, 1.49% for LYM, 1.03% for NEU, 2.32% for MONO, and 1.97% for PLT, respectively.

2.3. Follow-up
--------------

Patients were followed-up periodically after surgery by an experienced follow-up doctor. The follow-up was scheduled 3 months, 6 months, and 12 months after surgery and then every year thereafter. Information on the general status and post-operational therapy were collected during each follow-up. If the patients were dead, the date of death and causes were recorded. Survival time was defined as the duration from the date of surgery to the date of death if the patients were dead or to the date of the last successful follow-up if the patients were living or lost to follow-up.

2.4. Statistical analysis
-------------------------

Continuous variables were described as the median (interquartile range), and categorical variables were described as the frequency (percentage). Optimal cut-off values of each hematological parameter were calculated by time-dependent receiver operating characteristic (ROC) curves in the R language, where the difference of the true positive (TP) and false positive (FP) was the maximum in predicting the 5-year survival. Survival curves within each stratification of variables were plotted by the Kaplan-Meier method and compared by log-rank test. The Cox proportional hazard model was used for univariate and multivariate analyses. In the univariate analysis, the Bonferroni correction was used, and variables with *P* values less than .1 in the univariate analysis were included in the multivariate model and selected by the forward stepwise method. Statistical analyses were performed with SPSS version 18.0 (SPSS Inc, Chicago, IL) and the R language ([http://www.r-project.org](http://www.r-project.org/)). All *P* values were 2-tailed, and a *P* value \< .05 indicated statistical significance; in the Bonferroni correction, the *P* value needed to be less than .004 because 11 hematological parameters were included in the analysis.

3. Result
=========

A total of 870 patients were included in this study (Fig. [1](#F1){ref-type="fig"}). The baseline characteristics of the patients are shown in Table [1](#T1){ref-type="table"}. The median age of the subjects was 60 years (interquartile range, 54--68 years), and 74.5% of them were male (648/870). Nearly half (46.2%) were diagnosed at TNM stage III, 38.2% were at TNM stage II, and only 15.6% were at TNM stage I. The major pathological types were tubular adenocarcinoma (84.9%), followed by signet-ring cell carcinoma (9.0%) and other types (6.1%). Low histological classifications were dominant over moderate or high classification (64.8% vs. 30.2%). Vascular invasion (73.3%) and nerve invasion (55.5%) were observed in most patients. 30.9% of patients received postoperational chemotherapy. The chemotherapy mainly consisted of three regimens: FOLFOX-4 regimen (combination with 5-fluorouracil, leucovorin and oxaliplatin); XELOX regimen (capecitabine and oxaliplatin) and other chemotherapies such as capecitabine or 5-fluorouracil alone. Patients would be considered to have postoperative chemotherapy only if they received the therapy for at least 3 cycles.

![Study flow chart.](medi-97-e13896-g001){#F1}

###### 

Characteristics of the patients included in the study.
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The patients were followed up until March 1, 2017. The median follow-up time was 59.9 months. During follow-up, 389 patients (44.7%) died, 407 (46.8%) remained alive, and 74 (8.5%) were lost to follow-up. Among the patients who died, 359 died of gastric cancer, and 30 died for other reasons. The estimated 5-year survival rate was 56.4%.

The optimal cut-off values for each parameter to best predict prognosis were obtained by time dependent-ROC, and the results are shown in Table [2](#T2){ref-type="table"}. The absolute counts of white blood cells (*P* = .860) and platelets (*P* = .990) were not associated with overall survival (OS). However, white blood cells, neutrophils and lymphocytes might be related to GC prognosis. Patients with a lower lymphocyte count (LYM \< 2.05 × 10^9^/L) tended to live less time and had a lower 5-year survival rate (*P* \< .001, Fig. [2](#F2){ref-type="fig"}A). Similar associations were observed for NWR (\>0.55, *P* = .004, Fig. [2](#F2){ref-type="fig"}B) and LWR (\< = .23, *P* \< .001, 2C). Other indices such as LMR, NLR and PLR were found to be associated with patient prognosis in the univariate analysis. Patients tended to have shorter lifespans if their LMR was less than 5.43 (HR: 1.65, 95% CI: 1.29--2.09, *P* \< .001, Fig. [2](#F2){ref-type="fig"}D). The optimal cutoff value was 1.44 for NLR, and patients with a higher NLR had a worse prognosis (HR: 1.66, 95% CI: 1.24--2.22, *P* \< .001, Fig. [2](#F2){ref-type="fig"}E). Patients tended to have shorter lifespans if their PLR was higher than 115 (HR: 1.55, 95% CI: 1.24--1.94, *P* \< .001, Fig. [2](#F2){ref-type="fig"}F).

###### 

Univariate analysis of the factors associated with the prognosis of gastric cancer.
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![Kaplan-Meier curves of gastric cancer patient survival (log-rank test). The cutoff values were obtained by time-dependent ROC curve. (a) LYM, lymphocyte counts. (b) NWR, neutrophil-to-white blood cell ratio. (c) LWR, lymphocyte- to-white blood cell ratio.(d) LMR, lymphocyte-to-monocyte ratio. (e) NLR, neutrophil-to-lymphocyte ratio. (f) PLR, platelet-to- lymphocyte ratio. LMR = lymphocyte-to-monocyte ratio, LWR = lymphocyte-to-white blood cell ratio, LYM = lymphocyte counts, NLR = neutrophil-to-lymphocyte ratio, NWR = neutrophil-to-white blood cell ratio, PLR = platelet-to-lymphocyte ratio.](medi-97-e13896-g004){#F2}

Results from the multivariate analysis showed that low LMR was an independent risk factor for shorter survival span (HR: 1.49, 95% CI: 1.17--1.89, *P* = .001), as were old age (HR: 1.33, 95% CI: 1.08--1.65), higher TNM stage (TNM II, HR: 4.36, 95% CI: 2.18--8.75; TNM III, HR: 11.71, 95% CI: 5.85--23.45), positive vascular invasion (HR: 1.78, 95% CI: 1.26--2.52) and no chemotherapy (HR: 1.45, 95% CI: 1.15--1.82) (Table [3](#T3){ref-type="table"}).

###### 

Multivariate analysis of the factors associated with gastric cancer prognosis.
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To further clarify the prognostic value of LMR, stratification analysis of the most important predictive factor, TNM stage, was performed in patients (Fig. [3](#F3){ref-type="fig"}). A similar association between the LMR and overall survival of GC could be observed in TNM I, TNM II and TNM III patients. However, this trend was more obvious in TNM III patients (Fig. [3](#F3){ref-type="fig"}).

![Survival curves of gastric cancer patients stratified by TNM stage. (a) LMR (lymphocyte-to- monocyte ratio) levels in patients of TNM I stage. (b) LMR levels in patients of TNM II stage. (c) LMR levels in patients of TNM III stage. LMR = lymphocyte-to-monocyte ratio, TNM stage = the tumor node metastasis stage.](medi-97-e13896-g006){#F3}

4. Discussion
=============

Though advances have been achieved in surgical techniques and adjuvant chemotherapy for gastric cancer in the last two decades, the prognosis of GC is still poor; it was estimated that approximately 498,000 Chinese would die from GC in 2015.^\[[@R3]\]^ Hemogram parameters are readily available and one of the routine laboratory blood tests performed to evaluate the general status of patients before surgery. Previous studies have reported that hemogram parameters could predict the prognosis of various malignancies; however, the results from these studies are controversial. Therefore, the value of hemogram parameters in predicting the prognosis of tumors needs to be further clarified.

Lymphocytes are possibly indicative of tumor suppressor activity. Experimental studies have found that lymphocytes play a considerable role in tumor defense, and tumor-infiltrating lymphocytes can identify tumor cells and induce apoptotic cell death through cytotoxicity. Evidence is accumulating that lymphocytes serve as constituents of the immune complex, represent the cellular basis of cancer immunosurveillance and are involved in the inhibition of tumor cell proliferation and metastasis.^\[[@R10],[@R16]\]^ Decreased numbers of lymphocytes could induce the release of several inhibitory immunological mediators, particularly IL-10 and transforming growth factor-β.^\[[@R17]\]^ In our univariate analysis, GC patients with lower lymphocyte counts tended to have shorter survival and an increased risk of death by 55 percent. However, in the multivariate analysis adjusted for other factors, lymphocyte count alone was not an independent prognostic factor. Monocytes are considered pro-tumor cells as they facilitate the progression and dissemination of tumor cells.^\[[@R18],[@R19]\]^ Monocytes could be recruited to the tumor microenvironment by tumor-derived CCL5 and promote tumor cell growth and survival.^\[[@R18]\]^ On the other hand, tumor cells induce the differentiation of monocytes into tumor-associated macrophages,^\[[@R20]\]^ which in turn weaken the antitumor immune response and stimulate the migration and metastatic spread of tumor cells.^\[[@R18],[@R19],[@R21]\]^ Peripheral monocyte levels were found to be negatively associated with prognosis in patients with various types of cancer.^\[[@R22]--[@R24]\]^ In our study, the results showed that increased monocyte levels were associated with a 40% increased risk of death; however, this finding did not achieve statistical significance (HR: 1.40, 95% CI: 0.93--2.12).

LMR, the ratio of lymphocytes to monocytes, is a comprehensive index that may better predict the long-term prognosis of cancer patients. LMR is reported to have prognostic value in several malignancies.^\[[@R25],[@R26]\]^ A study by Ni et al demonstrated that elevated LMR (≥4.25) was associated with favorable disease-free survival (*P* = .011) in locally advanced breast cancer patients.^\[[@R27]\]^ Hirahara et al. found that LMR could be used as a predictor of postoperative cancer-specific survival and OS in patients with esophageal cancer and that it may be useful in identifying patients with poor prognosis even after radical esophagectomy (HR: 1.87, 95% CI: 1.09--3.23).^\[[@R28]\]^ Studies on gastric cancer also found that LMR could be used to predict outcomes of gastric cancer patients undergoing surgery. Lieto et al reported that patients with a low LMR (≤3.37) had a higher hazard ratio for both overall survival (HR: 2.10; *P* \< .001) and disease-free survival (HR: 2.46; *P* \< .001) than high LMR subjects.^\[[@R15]\]^ Hsu et al found patients with lower LMR (≤4.8) had more aggressive tumor behavior, higher surgical mortality rates, and worse long-term survival (HR: 1.36, 95% CI: 1.08--1.69).^\[[@R29]\]^ In another study, Cong et al found low LMR (≤4.34) was associated with poor outcomes in 188 patients with stage II-III gastric cancer.^\[[@R30]\]^ In this study, we included a relatively large sample size of gastric cancer in TNM stage I-III (HR: 1.66, 95% CI: 1.04--2.66). Consistent with the previous studies, we also observed that GC patients with lower LMR had worse prognosis. However, the optimal cutoff of LMR was 5.43 and patients with LMR \< 5.43 had a shorter lifespan and a lower 5-year survival rate (HR: 1.49, 95% CI: 1.17--1.89). Moreover, subgroup analysis showed similar trends in TNM II and III patients.

Previous studies also suggested that NLR and PLR might be related to cancer patient prognosis. Neutrophils are thought to participate in the process of tumor development by cytokine production.^\[[@R31]\]^ Platelets play an important role in the process of transendothelial migration, the earliest step in metastasis.^\[[@R32]\]^ Studies have found that higher NLR and PLR were associated with poor prognosis in patients with endometrioid adenocarcinoma, paranasal sinus cancer, breast cancer and colorectal cancer.^\[[@R33]--[@R36]\]^ In gastric cancer-related studies, NLR and PLR were also found to be independent prognostic factors.^\[[@R37],[@R38]\]^ In our study, higher NLR and higher PLR were associated with poor survival in the univariate analysis. These associations, however, diminished after adjusting for the influence of TNM stage. We found that NLR and PLR were positively correlated with TNM stage (NLR and TNM, r~s~ = 0.141, *P* \< .001; PLR and TNM, r~s~ = 0.156, *P* \< .001) and that TNM was the most powerful prognostic predictive factor of GC (AUC for 5-year survival ROC: 0.741). Therefore, NLR and PLR were not independently associated with the prognosis of GC.

Our study had limitations. Although the median follow-up time was 59.40 months, the number of deaths from gastric cancer did not reach half of the total. That may lead to decreased statistical power. Another limitation was that our study only included patients from one center, and the results were not confirmed in other centers. Therefore, generalization of the results should be done cautiously.

In conclusion, we observed that lower LMR was independently associated with poor overall survival of gastric cancer patients undergoing radical tumorectomy. LMR has the potential to be used as a biomarker to predict the prognosis of gastric cancer before surgery, and patients with lower pre-operative LMR should be under more frequent surveillance of gastric cancer and more aggressive chemotherapy. Large cohort studies are needed to confirm our results.
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